Abstract-This pioneering study investigates the students' learning style in understanding their performance in computer programming course where they enroll for their first year of Bachelor of Internet computing degree program. The data was collected from cohort of students who appeared for their first year examination in programming concept module and were given Kolb inventory of learning style. The result through Chisquare test confirmed that there existed a relationship between learning test and students' performance in programming module. Moreover, students with converging and assimilating learning styles are significant and are closely associated with their pass or credit grade. Based upon the results, some recommendations were made in order to enhance teaching and learning programming. 
I. INTRODUCTION
Teaching and Learning the computing in general and computer programming in particular, have undergone radical changes especially in the last decade of last millennium. The advent of new object-oriented programming languages such as C, C++ or Java has changed the need of computer industry. Moreover, the advancement in portable computing power, and the computing environment have brought a shift in software applications. Unfortunately, the increase in computing power with more sophisticated tools the computing productivity especially in the domain of computer programming has significantly decreased the students" learning capability towards these advanced procedural and object-oriented languages. This trend is noticeable among the major technical institutions that offer diploma and first degree in computer science as well as computing and information systems. Lenox et al. [1] studied the declining cause of students" interest in CS/IS/IT and identified the top three reasons for the decline. He had found that 67% was due to the outsourcing of CS/IS/IT jobs, 49% of it was because of dot.com failure and 45% showed decline in students" analytical and programming ability. Gupta and Houtz [2] studied high schools students" perception of information technology skill and asked students about "what skills do they think are necessary for a career in IT" Out of four different types of skills, the programming was ranked third from the top. Dunning et al. [3] pointed out that lack of awareness of programming skills arose because poor performance, this not only deprived the students to produce correct responses but also of the expertise to produce the desired output. McKenzie [4] suggested that the redesigning the computer science/IS curriculum and this redesign should reflect the external factors that drove the curriculum revision and must target the area in (1) improving the interest and (2) providing answer for certification issues. Similarly, Lockheed and Mandinach [5] emphasized that computing should include integrated approach by focusing on teaching application software skills. Lister and Leaney [6] suggested an approach to improve the teaching and learning as two-fold approach. First, they used a criterion-referenced approach where fundamentally different tasks were set according to the ability of the students. Secondly, they suggested of adopting learning strategy for the weaker students that simply required demonstrating knowledge and comprehension and the ability to read and understand programs. For the average students they must focus on attempting traditional tasks of maintaining the existing programs and finally for the good students they must focus to do set open-ended tasks on the developing, synthesizing and evaluating the tasks.
The above cited examples further endorsed that students" performances in learning computer programming is declining and academics and researchers are pointing out in their studies [7] Some of them suggested the change in curriculum and in teaching-learning strategies. We understand that in today"s globalized world knowledge is well supported at various domains [8] and a typical learning situation has changed from old talk and chalk method to the interactive and active learning. Some studies in particular suggested that students" academic achievements were highly related to their learning styles [8] , [9] . We also understand that every individual has his distinctive learning style, characteristics, strength and preferences in which he feels comfortable with his own learning and process information [10] . In knowing students" learning styles can help to enhance learning and teaching [11] .
The diversity in teaching and learning styles has begun to gain more attention as many studies match their preferred learning styles [12-[14] . These studies have pointed out that it is vital for instructors or teachers to have awareness of their learners" needs, capacities, potentials and learning styles preferences in order to have effective classroom teaching and learning. Yilmaz-Soylu and Akkoyunlu [9] noticed that though all human beings had common biopsychological and social characteristics in learning process, yet individual preferences concerning on the ways of giving meaning and acquiring information may vary. Therefore the information which becomes the subjective life of an individual after giving being processed may have individualspecific differences in ensuring his way of learning and remembering. For such specific reasons, it is important to study the students" learning style to understand the teaching/learning process. Learning style therefore is defined as the "composite of characteristics; cognitive, affective and physiological characters that serve as relatively stable indicators on how a learner perceives, interacts with and responds to his learning environments" [15] . Therefore several learning styles were reported in the literature such as categorized as sensory like VARK model [16] and cyclical such as Kolb"s Learning Styles Inventory (KLSI) [17] , Honey and Mumford [18] learning style theories, Felder-Silverman Index of Learning Style (LSI) model ( [19] . Another model is the Myers and Briggs Type Indicator (MBTI) [20] which was based upon the personality type. However, Allert [21] stated that there were two dominant learning style assessment tools used in science and engineering education. For Kolb"s KLSI and Felder-Silverman"s (LSI), both these models measured four different dimensions of an individual"s learning style. Therefore we have selected for this study the Kolb"s KLSI simply because that instrument was very simple and did not ask on lengthy questions like LSI that had 44 questions, i.e. 11 for each of the four dimensions. KSLI took only five minutes to fill-in the desired response. We agree to the arguments as stated by Campbell and Johnstone [22] and Mainemelis, Boyatzis and Kolb, [23] and we are in favor of using KLSI that suggested that instrument had also been used in a number of other studies that provide for useful comparison. Loo [24] also suggested that this instrument remained effective to study students" learning style among tertiary students.
Kolb Learning Style Theory
Kolb [17] published his learning styles model from which he developed the learning style inventory (LSI). Kolb"s experiential learning theory worked on two-levels: a four stage cycle of learning and four separate learning styles. Much of Kolb"s experiential learning theory was concerned with the learner"s internal cognitive processes. Kolb stated that learning involved the acquisition of abstract concepts that could be applied flexibly in a range of situations. Kolb [17] believed that learning was the process where knowledge was created through the transformation of experience. His experiential learning style theory was typically represented by a four stage learning cycle in which the learner "touches all the bases". He theorized that four combinations of perceiving and processing determine four learning styles that made up a learning cycle. These were: 1) Concrete experience (CE) (feeling) which was either a new experience of situation faced or a reinterpretation of existing experience, 2) Reflective observation (RO) (watching) to notice any inconsistencies between experience and understanding, 3) Abstract conceptualization (AC) (thinking) where thereflection could create new ideas or modification of an existing abstract concept, 4) Active experimentation (AE) (doing) where learner applied them to the world around him to see the results. Based upon these four, Kolb set out four distinct learning styles that made up a learning cycle.
Diverging (Feeling & Watching-CE/RO). Learners with this style are able to look at things from different perspectives which are sensitive and they prefer to watch rather than do, or tend to gather information and then use their imagination to solve problems. Kolb called this style "diverging" because these learners performed better in situations that required ideas-generation like brainstorming. The learner with this style prefers to work in groups, to listen with an open mind, tend to be imaginative with emotions and strong in the arts. This kind of learner has broad cultural interests and likes to gather information.
Assimilating (Watching and thinking-AC/RO). Learners with this style prefer concise and logical approach. Ideas and concepts are more important than people, feelings and/or emotions. This kind of learner requires good clear explanation rather than practical opportunity. He is more attracted to logically sounded theories than approaches based on practical value. This style of learning is more commonly related to information technology and science career. Learners prefer readings, lecturers, exploring analytical models and having time to think things through.
Converging (Doing and thinking-AC/AE). Learners with this style like to solve problems and use their learning to find solutions to practical issues. They prefer technical tasks and are less concerned with people and interpersonal aspects. These learners are best at findings practical uses for ideas and theories. They focus on solving problems and make decisions by finding solutions to questions and problems. The converging learning style produces specialists with technology abilities.
Accommodating (Doing and feeling-CE/AE). Learners with this style rely on intuition rather than logic. These learners use other people"s analysis, and prefer to take a practical, experimental approach. They are attracted to new challenges and experiences, so they carry out plans.
Fleming [25] on the other hand, pointed out that the learning styles are beneficial to learning; however, there is not much evidence that knowledge of one"s learning style is beneficial to learning but it does not mean that benefit does not exist. So lack of evidence does not mean that we don"t have many reliable and valid researches that would predict knowing one"s learning is beneficial for learning. This further indicates that there exists a gap in knowing the learning style of the learners and types of benefits it brings to the improvement of knowledge in teaching/learning phenomenon. There is strong need for researchers to conduct more and more studies in this domain that will bring further evidence to confirm to the suitability of knowing one"s learning style to the overall academic performance and to promote the knowledge. The present study is therefore conducted in technical institutions of Brunei Darussalam with these specific objectives.
Objectives of this study are: 1) What aspect of learning style can be found in typical computing students? 2) What is the influence of the students" learning styles on their performance in the course? 3) What is the relationship between gender and students" learning styles? 4) How can the results of the study be effective in designing the teaching/learning pedagogy?
II. REVIEW OF PREVIOUS STUDIES

Learning Style and Student Achievements in Programming Course
Learning style in literature can also be referred to as "cognitive style". James & Blank [26] suggested the existence of different dimensions with learning styles. Several researchers had attempted to investigate the learning style with the higher grade achievement in computer programming [27] [28] [29] . Alumran, [30] found that the information technology students were found to be more active learners than the science students and law students measured by learning style index. Yusof, Othman and Karim, [28] conducted a quasi-experimental study using Kolb"s learning cycle and found no significant interaction effect between learning style and treatment toward student achievement. Wing and Hoi, [29] found that there were statistically significant learning style group effects on student achievement in programming using Gregorc Style Delineator (GSD) [30] learning style.
Similarly, Rasmussen and Davidson-Shivers, [31] ; Bostrom, Olfman and Sein, [32] and Wu, Dale and Bethel [33] all have reported that convergers and assimilators individuals are successful in learning computers and programming. Ben-Ari [34] and Machanick [35] investigated the cognitive and social aspects of learning leading to a greater understanding of students" preferences and performance in computer science education Campbell and Johnstone [22] studied student"s learning style and their achievement in their first year programming class using Kolb model. It showed a significant difference between the abstract and concrete thinkers. Their study confirmed that abstract thinkers (convergers and assimilators) performed better in examination than concrete thinkers (accommodators and divergers). Alharbi et al. [36] investigated the learning style and self-regulated learning strategies for computer science students and found that students" learning styles had a significant impact on academic performance in mid-term examination. Yeboah and Sarpong [37] studied, in Ghana, students" learning styles and higher grade achievement in computer programming based on Kolb-LSI. They found that divergent learners had higher grade achievement in computer. That study further confirmed that there was a significant mean difference of learning style and the convergent learners benefitted less in terms of grades. In addition, studies were conducted in finding the relationship between genders and learning styles. Saverins and Ten Dam [38] performed a meta-analysis of the gender effect using Kolb"s LSI and found significant gender preferences on subscales of the instrument. Men rather than women tended to prefer abstract conceptualization (thinking) mode of learning in Kolb"s instrument. W-Fat [39] studied the relationship among gender, learning style and programming performance in Hong Kong by using GSD scale and found that gender and dominant learning styles were associated. Contrary to this, Wei, Hoo and See [40] found that gender had a significant influence on students" achievement. Wang and Chen [41] in Australia studied the students" learning style and gender using Kolb-LSI and found that for programming comprehension performance, the convergers performed better than divergers. For high gender consciousness learners, the convergers performed better than divergers.
Norwawi et al. [42] had classified students" performance in computer programming course according to learning style. They used Felder-Silverman"s index of learning style [43] and found that a student"s good performance in programming course was based on visual, active and sequential learning styles which were equivalent to EC/RO and AE/CE of Kolb"s LSI. Thus it further indicated the divergers and accommodators. Similarly, D-Silva Carmo et al. [44] studied the impact of learning styles in introductory programming learning by using Felder-Silverman model and verified the differences on the active/reflective, visual/verbal and sequential/global dimension.
From the above discussion, it is clear that there is inconsistency not only in the research findings but also on the use of the learning styles inventory. Therefore, it is significant to conduct more studies on the learning styles to fill-in the gap in the literature. This research will therefore attempt to fill-in the gap and it also highlights new dimensions to the existing repository of knowledge.
III. METHODOLOGY
A. Design of Instrument
The research instrument used in this study consisted of two parts. Part A includes students" demographical information including questions asking their result in first year programming final examination, the self evaluation of programming skills, as how much time spent per week in practicising programming, difficulties faced in learning programming and self identifying weaker areas in learning programming. It used the Likert scale starting 1 for strongly disagree to 5 as fully agreed. Part B covered the learning style scale developed by Kolb [17] and consisted of 12 statements. Each statement had four items (A, B, C, D) . The learners were asked to rate each item from 4 to 1 corresponding to how well the statements described them (4 indicated the best fit, 3 indicated some fit, 2 indicated seldom fit and 1 the least fit). The sums of item A, B, C and D were the scores of concrete experience (CE), reflective observation (RO), abstract conceptualization (AC) and active experimentation (AE), respectively. The difference between AC and CE represented the higher preference of active experimentation or concrete experience, whereas the difference between AE and RO represented active experimentation or reflective observation. Thus in this study participants were identified as the divergers, assimilators, convergers and accommodators from the perspective of the above learning styles [41] as shown in Table I . The learners with diverging style preferred watching and feeling, assimilators solved problems by using inductive reasons and abilities to create theoretical models, convergers solved problems by thinking and doing and relied heavily upon hypothetical deductive reasoning focusing on specific problems and finally the accommodators solved problems by carrying out plans and experiments and adaptive to specific immediate circumstances.
B. Reliability and Validity of Kolb LSI
The study has found that Kolb LSI is sufficiently reliable especially after the changes (LSI version-3, 1999 version) in the original instrument since its early version of 1984 as pointed out by Coffield et al. [45] . The construct validity of the LSI has been questioned as it possessed a low predictive validity when LSI initially was developed as a selfassessment exercise [45] .
Despite the counter-claims regarding validity the Kolb model remains popular nonetheless; possibly because it was the first model to be widely disseminated.
C. Sampling
Seventy students of our Bachelor of Internet Computing were selected for this study and their results for first-year programming module were used. The sampling of the population is not a new technique. Total population sampling is a type of purposive sampling techniques that involves examining the entire (total) population that has a particular set of characteristics, traits, experiences, knowledge and skills of an event [46] .
IV. DATA ANALYSIS AND RESULTS
The data collected in this study were analyzed by using SPSS software version 19 for conducting descriptive statistics, chi-square test and non-parametric correlation test. Table I shows the demographical and other necessary data used in the questionnaire. Majority of the respondents are female compared to the male counterpart and majority are above 20 years of age. 61% of the respondents have limited programming skill. Table II reflects the students" overall learning styles and it is noticed that predominant styles are convergers and assimilators compared to divergers and accommodators. The data was analyzed by using Chi-square distribution which is non-parametric data analysis techniques used for categorical data. We used chi-square test for independence or relatedness for the analysis of relationship between categorical variables given in contingency or crosstabulation format. Based on cross-tabulation row and column to decide degree of freedom such as (r-1) (c-1) to calculate Pearson Chi-square Statistic at appropriate significance to accept and reject the hypotheses [47] . Therefore, the data analyzed on the basis of gender is provided in Table III which further indicates that majority of the female are convergers and more males are assimilators. The non-parametric correlation (Kendell"s tau is significant with p= 0.031) further explains that gender and learning style are dependent and there exists a relationship between gender and learning style. Finally in order to find the relationship between programming results and the students learning styles, the non-parametric Chi-square test was conducted to assess its independency or relatedness between the categorical data. The result is shown in Table IV . By examining the observed cell frequencies, we can conclude that there exists a difference between convergers and assimilator learners and their performance in programming. Since the 39% of the students with converging learning style passed as compared to 15% of the students with assimilating learning style.
V. DISCUSSION Table I data confirms that majority of the students falls in assimilating and converging learning style is in line with the study of Campbell & Johnstone [22] who have also noted that 42% are assimilators and 46% are convergers. This further indicates that cohort of our degree students are more skeptical in learning through watching, doing and thinking. In other words, they are abstract thinkers rather than being concrete experience thinkers. Similarly, the data in Table 4 further shows that students who are abstract thinkers (convergers and assimilators) shows they perform better in their programming examinations. Our results therefore support Rasmussen and Davidson-Shivers, [31] ; Bostrom, Olfman and Sein, [32] and Wu, Dale and Bethel [33] who reported that convergers and assimilators individuals are successful in learning computers and programming. Our findings support Campbell and Johnstone [22] that there was who showed a significant difference between abstract and concrete thinkers. These results also confirm that abstract thinkers (convergers and assimilators) perform better in examination than concrete thinkers (accommodators and divergers). These results further support Allert [21] ; Goold and Rimmer [48] and Pillay and Juggo [49] who stated that assimilators (abstract thinkers) did better than concrete thinkers. However, our results partially support Byrne and Lyons [50] who concluded that although learning style was not significant however, the convergers are the one who had selected the programming as a course of their study. Findings are in contrast to Gomes and Mendes [51] who found no correlation between the students" achievement and learning style of first year programming students.
It is useful to understand the significant learning style as it helps in designing teaching and learning strategies. Convergers believe on doing and thinking so the learners with this style of learning are good in solving problems and using their learning to find solutions to practical issues. Similarly, assimilators believe on watching and thinking and prefer for concise and logical approach. For these learners ideas and abstract concepts are more important than people. These learners who have this style of learning are more attracted to logically sounded theories and then proceed to the practical importance. This learning style is more effective for learners pursuing their career in information systems and other pure science subjects. From the data in Table IV we may conclude that converger"s students are better than assimilators in relation to their overall pass achievements.
In order to answer the third research question as to explain the relationship between the gender and student learning style as provided in Table III . The result of Chisquare test showed significant difference in the learning style along four dimensions between males and females. Our results however, were in contrast with Zulkernan et al. [52] who showed no differences in learning style based on gender. The results however, supported W-Fat [39] and Wang and Chen [41] who found that participants" learning style and gender consciousness significantly affected the students" project performance. The pedagogical implications in the end further provide the answer for fourth and last research question.
VI. CONCLUSION
The study has fulfilled all the four objectives. The findings of this study have shown that the programming students" predominant learning style is reported as convergers and assimilators. It has also revealed that students" learning styles have significant influence on students" academic performances. Finally, the gender was found to have significant influence on students" performance. In addition, the relationship between the learning styles and failing students could not be confirmed.
The learning style in this research was measured using Kolb LSI which was widely used in the academic research, the preferred learning styles of each students" could not be clearly identified based on a single preferred learning style as students might adopt more than one learning style [40] .
Limitations: The study is not free from its weaknesses. The sampling here was from the population with small sample size so it was not extensive but this was due to the research design covering a cohort of student for this study. Secondly, all the data for this study came from self-report survey conducted at a single point in time. It is possible that common method variance influences the results and that data collected on different times or through different methodologies could produce different results. Thirdly, the results from this study only provide a direction so any generalization should be made with caution.
VII. PEDAGOGICAL IMPLICATIONS
Identifying learners" stronger learning styles help educators understand what learners" information processing habits are and how they perceive, think, remember and solve problems [53] . Previous studies concluded that matching learners" learning styles with instructional deliverables and strategies enhanced learners" performance and suggested that it might be difficult for learners to change their learning styles, whereas learning strategies could be adapted by the learners and changed through teaching [41] , [54] .
This study has found that the majority of the programming students are convergers and assimilators. However, there are students in the class who belong to second category as divergers and accommodators. Although the majority of the students who has shown pass results which belong to first category, therefore it is very important for the facilitators and lecturers to devise their lesson plans and teaching/learning strategies for the benefits of all types of learners. For example, learners with converging learning styles are good in solving problems so for them the best strategy is to engage the learners into case study approach and lecturer should use their learning to find solution to practical issues. The role of the lecturer in this case, will be more like a coach or facilitator. The assimilating learners prefer readings books, listening to lecturers and exploring analytical model. So for this type of students, the lecturer can stimulate them through lecture, providing them with more hands-on, supplemented books, Web source and simulation exercises and here the lecturer"s role will be more like an expert.
To improve the learning style for weaker students in the second group such as divergers and accommodators the best teaching learning strategies that lecture can design. For divergers teaching/learning strategies that respond to the learners as how course material relates to either with past experience or with their interest in future career. The role of the lecturer in this case will be more like a motivator. Finally, in order to help the accommodators, the lecturers should focus on designing learning strategies that help the learners to apply the programming in new situations to solve real problems. To be more effective, the lecturer should provide maximum opportunities to the students to discover the things for themselves. This can be accomplished by encouraging students to do case study solution to encourage discovery.
From this study, it can be emphasized that knowing students" preferred learning style is really an important aspect for the facilitators/lecturers in designing the pedagogical strategies for individual students. In addition, knowing students" preferred learning style helps to overcome the predisposition of many lecturers who treat students with one style of teaching to all. So lecturers must try to match students" learning style with their teaching/lecturing approaches. Thus motivate more students to achieve their academic goals. Under the conventional teaching methods, lecturer emphasize on just simple lecturing as a mode of delivery which might not be effective. Therefore, lecturers should use multiple modes of information. We agree with Gomes et al. [55] who had made suggestions that teaching strategies should support learning styles of all the students. Lecturers should not concentrate on syntactic details of programming language rather should focus on problem-solving approach using a programming language which should further be coupled with case study methodology. Therefore it is suggested that multiple mode of delivery or methodologies such as lecturing, small group discussion, active participation of the learners by doing more hands-on, simulation software, clear and well-structured presentations, video clips, supporting reading materials, case study examples, and giving more practice in problem-solving exercises will be beneficial in helping the learners to enhance their learning process. Further learners can also get benefits by being aware of their learning style and by promoting self-awareness of knowing their style and learning strategies would work together in achieving the teaching/learning objectives.
Recommendations: It is recommended to all the lecturers (even with PhD) in Higher Institutions and universities to attend a short course or workshop on different learning styles and methodologies to impart knowledge to the students. At time, even a senior lecturer with vast experience and knowledge could not impart the knowledge effectively. Just like asking a young lecturer who is left-handed to use his right hand definitely it would be chaotic.
